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The purpose of this study was to determine at necropsy
the morphologic consequences of percutaneous trans-
luminal coronary angioplasty performed during acute
myocardial infarction. The heart was examined in four
patients who died between 6 hours and 4 days after
coronary angioplasty. The patients had angioplasty of
the left main coronary artery (one patient), left anterior
descending coronary artery (two patients) and left cir-
cumflex coronary artery (one patient). Necropsy re-
vealedresidual stenosis, intimal hemorrhage and plaque
disruption in all four patients. Also noted were distal
embolization of plaque elements (two patients) and
Percutaneous transluminal coronary angioplasty has ac-
quired widespread acceptance as therapy for coronary artery
disease (1,2). Although the morphologic changes associated
with coronary angioplasty performed on animal (3,4) and
postmortem (5,6) hearts have been reported, description of
the morphologic changes associated with coronary angio-
plasty in patients is limited (7-11). Only one case report
(11) has described the morphologic changes associated with
percutaneous angioplasty performed during acute myo-
cardial infarction. This study summarizes our experience
with four patients who underwent coronary angioplasty dur-
ing an evolving myocardial infarction and were later studied
at necropsy.
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thrombotic occlusion of the coronary artery (one pa-
tient).
In conclusion, the morphologic changes after angie-
plasty are varied. These changes illustrate the mecha-
nisms of angioplasty and some of the complications that
can be expected in a small number of cases. The mor-
phologic changes associated with coronary angioplasty
are similar in patients undergoing electiveor emergency
angioplastyalthough medial dissectionwas not observed
in these patients with an evolving myocardial infarction.
(J Am Coli CardioI1986;8:855-60)
Methods
Study patients. All patients who underwent necropsy
at our institution from January 1981 to December 1984 and
had previously undergone coronary angioplasty during an
evolving myocardial infarction were included in this study.
There were four such patients.
Pathology. As part of the autopsy protocol, the heart
was removed from the patients and studied in the cardio-
vascular pathology laboratory. After the coronary arteries
were cannulated and perfused at 100 mm Hg pressure with
barium sulfate, the heart was fixed for at least 24 hours in
20% formalin and then placed in a decalcification solution.
After decalcification, the coronary arteries were cross-sec-
tioned at 2 mm intervals. At the site of the previous angio-
plasty, multiple sections were processed for light micro-
scopic examination. Five to 10 histologic sections were
taken from the involved segment. In two hearts additional
sections were cut every 100 1L to improve definition. The
paraffin-embedded histologic sections were stained with he-
matoxylin-eosin, Masson's or Mallory's trichrome stain and
van Gieson's stain.
The degree of coronary stenosis was reported as luminal
cross-sectional area at necropsy and luminal diameter at
cardiac catheterization. The relation between luminal di-
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Figure 1. Case I. Portion of a cross section of the left
anterior descending coronary artery obtained from the
segment between the first and second diagonal branches,
which was dilated by angioplasty. The lumen (L) is
filled with barium suspension; there was approximately
75% narrowing of luminal cross-sectional areadespite
angioplasty . The section shows a laceration and ul-
ceration of thefibrous cap(between arrows) with hem-
orrhage (H) into the adjacent lipid pool. M = media.
Hematoxylin-eosin stain; original magnification x 52,
reduced by 13%.
ameter and cross-sectional area is responsible for angio-
graphic underestimation of coronary narrowings (12). The
ventricles were cross-sectioned perpendicular to the long
axis at I cm intervals. The ventricular slices were then
photographed and sections were processed for microscopic
evaluation. The term morphology as used in this study refers
to pathologic and not angiographic observations.
Case Reports
Case 1. A 70 year old woman presented to her local
hospital with an acute myocardial infarction. She was trans-
ferred for emergency cardiac catheterization and reperfu-
sion. She had no previous history of heart disease. Coronary
angiography revealed a total occlusion of the left anterior
descending coronary artery and insignificant disease of both
the left circumflex and right coronary arteries. Intracoronary
infusion of streptokinase resulted in minimal reperfusion.
Angioplasty was then performed, reducing the lesion to a
25% stenosis, which was confirmed by repeat coronary ar-
teriography on the following day. Two days after the pro-
cedure the patient experienced respiratory arrest with ven-
tricular fibrillation and could not be resuscitated.
Necropsy revealed the presence of diffuse coronary artery
disease and infarction of the anterior left ventricle. There
was residual stenosis of about 75% of the luminal cross-
sectional area in the proximal segment of the left anterior
descending coronary artery between its first and second di-
agonal branches. Coronary angioplasty of this segment was
evidenced by intimal laceration associated with plaque hem-
orrhage and disruption (Fig. I) . The second diagonal branch
of the left anterior descending coronary artery was occluded
by a plaque embolus (Fig. 2). The anteroseptal region of
the left ventricle supplied by the distal left anterior descend-
ing coronary artery was infarcted transmurally and was
markedly hemorrhagic. The anterolateral region supplied by
Figure 2. Case I. Slightly oblique cross section of the
second diagonal branch of the leftanterior descending
coronary artery showing preexisting 90 to95% luminal
narrowing by atherosclerotic plaque, and a recent oc-
clusion of the remaining lumen (arrows) by a throrn-
boembolus containing plaque material (cholesterol
crystals and other fatty debris). Thesource of this plaque
embolus was most likely the disrupted plaque in the
most proximal leftanterior descending coronary artery
shown in Figure I. Hematoxylin-eosin stain; original
magnification x 25, reduced by 13%.
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Figure3. Case 2. Portionof a cross sectionof a distal
segment of the left circumflex coronary artery. The
lumen (L) is filled with barium sulfate. Although the
intimal lining is intact in this site of the section, nearby
intimaldisruptionis evidencedby loss of plaquedebris
from, and entry of barium into, the lipid pool (LP) of
the plaque, and by adjacentintramural hemorrhage (H).
Such evidence for plaque disruption was seen in 2 of
14 serial sections of this artery. Hematoxylin-eosin
stain; original magification x 68, reduced by 10%.
the occluded second diagonal branch was also transmurally
infarcted but was not hemorrhagic.
Case 2. A 59 year old man experienced a sudden onset
of chest pain while doing yard work. An electrocardiogram
in the local emergency room showed inferolateral ST depres-
sion which was initially treated with sublingual nitroglyc-
erin. When chest pain and ST segment depression recurred,
intravenous nitroglycerin was administered and the patient
was transferred for cardiac catheterization. A dominant left
circumflex coronary artery was found to be totally occluded
and an intracoronary infusion of streptokinase was admin-
istered, with no evidence of reperfusion. Angioplasty was
then performed, successfully dilating the lesion with a re-
sidual stenosis of 50%. Two days after the procedure, the
patient developed recurrent ventricular arrhythmias which
were refractory to therapy. On the fourth day after angio-
plasty, refractory ventricular fibrillation occurred, and de-
spite aggressive management the patient could not be re-
suscitated.
At necropsy, moderate atherosclerosis of the coronary
arteries was noted, with 75% stenosis in cross-sectional area
of the left main, left anterior descending and left circumflex
coronary arteries. Serial histologic evaluation of the cir-
cumflex artery revealed minimal intimal disruption; there
was focal hemorrhage into the plaque between the first and
second marginal branches (Fig. 3). There was a recent myo-
cardial infarct involving the posterior and lateral walls of
the left ventricle. This infarct was characterized by extensive
contraction band necrosis Which was solid in the suben-
docardial region with very patchy projection into the sub-
epicardial region.
Case 3. A 57 year old male American Indian presented
to his local physician with new onset of angina pectoris.
Initial therapy included propranolol and sublingual nitro-
glycerin, but hospitalization was required when angina re-
curred with an unstable pattern. Isosorbide dinitrate and
nifedipine were both added to the medical regimen and the
patient was referred for further evaluation. Cardiac cathe-
terization was performed and revealed three vessel coronary
Figure4. Case 3. A cross section of the left anterior descending
coronaryartery at the site of previous angioplasty. The lumen (L)
is barium filled; there was 75% narrowing of luminal cross-sec-
tional area in this segment. A plaque disruption is noted (between
arrows) with associated thrombus (T). Barium is also present in
the adjacent lipid pool. Hematoxylin-eosin stain; original magni-
fication x 13.5, reduced by 5%.
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Figure 5. Case 3. Histologic sectionof an intramural
coronary artery. An embolus (E) composed of choles-
terol clefts is present in this small intramural artery in
thedistribution of the left anteriordescending coronary
artery. Hematoxylin-eosin stain;original magnification
x 100, reduced by 13%.
artery disease with 95% left anterior descending artery and
75% dominant left circumflex artery stenosis. Two days
after the catheterization, the patient developed anterior ST
segment elevation. He received 650,000 units of intracor-
onary streptokinase, and angioplasty of a totally occluded
left anterior descending coronary artery was performed.
Temporary reperfusion was established, but could not be
maintained despite intracoronary nitroglycerin and multiple
attempts at balloon dilation. The procedure was complicated
by hypotension and ventricular tachycardia. The patient was
taken to the cardiac care unit, where cardiac arrest occurred
6 hours later and he could not be resuscitated.
At necropsy, diffuse atherosclerosis and a recent anter-
oseptal myocardial infarct were noted. The site of the an-
gioplasty in the proximal left anterior descending artery
showed intimal hemorrhage and plaque disruption, as well
as an associated intraluminal thrombus (Fig. 4). An embolus
with cholesterol clefts was found in a small intramural vessel
in the distribution of the left anterior descending artery (Fig.
5).
Case 4. A 60 year old man presented with acute onset
of chest pain and anterior ST segment elevation. In the
cardiac catheterization laboratory, a total occlusion of the
left main coronary artery and a 95% stenosis of the proximal
right coronary artery were identified. The patient was not
judged to be a candidate for coronary artery bypass surgery.
The left main coronary artery was successfully dilated to a
25% stenosis with intracoronary streptokinase and balloon
angioplasty. Two days after the procedure he again began
to experience chest pain associated with severe pulmonary
edema. Repeat coronary arteriograms revealed a 25% ste-
nosis of the left main coronary artery and a 95% stenosis
of the proximal right coronary artery. An angioplasty of the
right coronary artery was then attempted. The patient ex-
perienced hypotension during the procedure and died.
At necropsy, diffuse atherosclerosis was noted. The left
main coronary artery demonstrated a residual 50% stenosis
of the cross-sectional area with plaque disruption and intimal
hemorrhage. The anterior left ventricle was markedly hem-
orrhagic. The acute myocardial infarct involved the inter-
ventricular septum and both anterior and lateral left ven-
tricular walls.
Discussion
Coronary Pathology
In this report, we have described the postmortem findings
in four patients treated with percutaneous transluminal coro-
nary angioplasty during the acute phase of myocardial in-
farction. In all four cases, the coronary artery subjected to
angioplasty showed plaque disruption and intimal hemor-
rhage. There was some residual stenosis ineach case. Distal
embolization of plaque and associated thrombus were found
in two of the four patients. However, medial dissection was
not found in any.
Plaque disruption and rupture. Although this is, to
our knowledge, the first description of postmortem findings
in patients treated with coronary angioplasty during acute
myocardial infarction, plaque rupture has been observed in
several postmortem studies of patients treated with coronary
angioplasty on a nonemergent basis (7,9, II). However, the
finding of a ruptured plaque in patients undergoing coronary
angioplasty does not necessarily, prove that the angioplasty
was the cause of the disruption. For example, Isner and
Fortin (13) described "plaque fractures" and "dissection
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clefts" in coronary arteries from patients who had not under-
gone angioplasty, and concluded that such changes could
be artifacts of the postmortem dissection techniques. More-
over, a coronary thrombus is now recognized to account for
the majority of myocardial infarcts; the majority of coronary
thrombi probably do not develop in isolation but are insti-
tuted by a preceding plaque rupture (14,15). Recent studies
of coronary arteries from patients with acute myocardial
infarction treated by thrombolytic therapy (but no angie-
plasty) further substantiate this view. Among such patients,
a disrupted plaque, hemorrhage into the lipid pool of the
plaque or plaque elements within the luminal thrombus have
been found, especially in patients in whom successful re-
perfusion was not achieved (15-18). Thus, in the setting of
acute myocardial infarction, the finding of a disrupted ath-
erosclerotic plaque in an artery subjected to angioplasty does
not necessarily imply a causal relation.
In our experience, plaque disruption resulting from post-
mortem coronary dissection can usually be avoided by two
procedural steps. First, we routinely distend the coronary
arteries with a gelatin suspension of barium sulfate which
is injected into the coronary arteries under physiologic pres-
sure. Although this step was developed primarily to permit
postmortem angiography and to improve the accuracy of
anatomic estimates of the degree of luminal stenosis, the
solidified gelatin within the arterial lumen also limits dis-
tortion of plaques when cross sections of the arteries are
cut. Decalcification of plaques is also essential if artifact-
free cross sections of arteries are to be achieved.
Distinguishing spontaneous from secondary plaque
rupture due to angioplasty. Distinguishing spontaneous
plaque rupture, which may be the pathogenetic cause of an
acute myocardial infarct, from secondary plaque disruption
caused by angioplasty may not always be possible. How-
ever, certain characteristics help to distinguish between these
two causes of plaque rupture. When spontaneous plaque
rupture occurs, the fibrous cap separating the arterial lumen
from the underlying lipid pool may be discontinuous, with
the contents of the lipid pool protruding through the fibrous
cap, bulging into the lumen. The ruptured plaque observed
in Figure 4 may be a spontaneous rupture. In contrast,
plaque rupture associated with angioplasty may be sharply
demarcated, as shown in Figure 1, suggesting traumatic
shearing or abrasion of the plaque, or both. The finding of
plaque emboli in two of our four patients, and in two patients
previously described by MacDonald et al. (19), also is not-
able, Although spontaneous plaque rupture is frequently
observed in association with coronary thrombi, spontaneous
distal plaque emboli are rare (20).
Myocardial Pathology
In the present series, the infarct involved large areas of
myocardium in all cases. One of the infarcts had very ex-
tensive contraction band necrosis that was solid in the sub-
endocardial region with very patchy projection into the sub-
epicardial region, Two of the four patients had a hemor-
rhagic infarct suggesting successful reperfusion. In Case I
the lack of hemorrhage in the anterolateral region of the left
ventricle supplied by the occluded diagonal branch of the
left anterior descending coronary artery is evidence that
embolization of that artery occurred antemortem preventing
this region from exhibiting the hemorrhagic consequences
of reperfusion with streptokinase; hemorrhagic infarction
was present in the remaining anterior left ventricle. Hem-
orrhagic infarcts at necropsy have been reported by Mathey
et al. (16) in four of six patients treated with intracoronary
streptokinase.
Conclusion. Despite the findings of residual coronary
stenosis, intimal hemorrhage and plaque disruption, the cause
of death was ventricular arrhythmia (three cases) or cardio-
genic shock (one case). The coronary artery morphology
did not appear to be related to the cause of death. The
myocardial histologic findings included large areas of in-
farction with hemorrhage (two cases) or patchy projection
(one case), which may bemore prone to arrhythmias (21,22).
Cardiogenic shock was due to a large area of infarction
secondary to occlusion of the left main coronary artery.
The morphologic changes associated with percutaneous
transluminal coronary angioplasty during an evolving myo-
cardial infarction do not differ from those previously re-
ported in association with elective angioplasty. The mor-
phologic findings in our patients do not necessarily represent
those to be found in all patients or provide a mechanism
for all successful angioplasties. Large numbers of patients
will need to be studied before we can understand the full
spectrum of the vascular consequences of angioplasty.
We thank Patricia Cruz for her technical assistance and Deborah Bowes
for preparing the manuscript.
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